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INTEGRAL data analysis

_4 instruments - 1 analysis philosophy
_What's the input ?

_ What software to run ?

_ Data products

_ additional tools needed: ftools and XSPEC

_ Summary



Star trackers

JEM-X coded masks

ISGRI:
20-400 keV
fov: 9°x 9°
12 arcmin

JEM-X:
2-30 keV

fov: 5°, 3 arcmin
FWHM ~0.3 ke

SPI:

20-8000 keV
fov: 16°

2° resolution
1.3 keV @ 1Me

OMC:
V-band imaging

Graphic: ESA



INTEGRAL data analysis

before you get started, check if there is

already some analysis available:
http://heasarc.gsfc.nasa.gov/docs/integral/obslist.ntml
or check through the Browse system




INTEGRAL data analysis

3 main instruments have coded masks

all the data of the detector plane has to be
considered simultaneously

high background level : careful background
subtraction is crucial

high energies: long exposure times needed
to get some signal-to-noise



INTEGRAL data in
®RFP RASF PRNDN

a1 oot T Tak abs 5

scw/ : the actual data sorted by science
windows

obs/ : here you’ll do the data analysis

idx/ : indices point to the different data

ic/ . instrument calibration files

cat/ : input catalogs

aux/ : auxilliary data



Data in the scw/ directory

AXEX

a1 oot T Tak abs 5

SCW/XXXX/XXXXppppssst.rrr/
XXXX = revolution
pppp = pointing number

SSS = science window number
t = type (use ‘0’=pointing only)
rer = reprocessing number

scw/0175/017500020010.001/swg.fits



INTEGRAL observation groups

the group concept: have one file which points
to all the necessary data

GMNEL-OBSG-GRFP

GMRL.-5WG -GRE-1D% SPL-0B5.-GT1 SPL-0OBS.-FNT

[ GHEL.-3WG.-GRP GMREL.-SWG.-GRP

[ SWID="002 7000 10010 SWID=" 0000020010
[~ & FLOSGL-RAY | SPL-O5GL-RAWM
— SFL-O5GL-PRE [ SFL-05GL-FRP
[ AFLOSSGLAT0R —| SFL-OSGL-COR

— SFL-DPE.-HR" — SFL-DPE.-HRW



Get started

_ first: build an observation group, including the
data you want to analyse

_what list of science windows? Use only
pointed observations (i.e. ***0.001)

_make an ASCII list of those science windows
relative from your base directory:

2o QLD AALFRO00Z0010, 001 5wy, Fits]
2o/ 017501 7500030010, 001 5wy, fits]
2o 017501 7500040010, 001 5wy, Fits]
2o/ 017501 7500050010, 001 5wy, Fits]
2o/ 017501 7500060010, 001 5wy, fits]
2Cw QLD AALFRO00TA010, 001 2wy, Fits]
2o/ 017501 7500080010, 001 5wy, fits]

el




Start a program

programs use parameter files
stored in ${PFILES} (try “echo $PFILES”)

XXXX.par
example for the parameter file of the first
program:

#

# Component. @ og_create

#

idw5Swg,=,ql, "dolesrevl¥S_GCIE_cons, txt" ., "SWG index DOL, 1 SWG DOL or ASCII list of SWG DOL,"
instrument,s,.ql,."IBIS", .. "Instruments (comma separated list of ALL or any of SPILIBIS, JH#1, JMXZ,0OMC)"
ogid,=.ql, "revl?5_GCIE_IBIS", ., "Observation group id {used for the path)"

bazelir,=s,ql."."..,"Base directory from where the obs branch will be build, (If null take FEP_BASE_PROD)"
obz_id,= h,."" ., "I50C Obzervation id"

purpose,s. h,"" ., "Scientific purpoze of the group®

versioning,i. h, 0,011, ,"Put the Version number on the OGID directory (0 = WO: 1 = YES)"
obzlir,=.h,"obz" ., "lirectory name under REP_BASE_PROD for the obz directory®

scuver s, b, 001", "Sew Merzion to be used if idxSwg is ASCIT list of just scwids (default iz Q01)"
swgMame , =, kb, "swg", - - "FITS file to be uszed in the indices if idxSwg iz ASCII list of just scwids (def
verbozity.i.h,.3,, . "Verbosity level (0-10)"



Create your observation group

0g_create idxSwg="dolslist.txt”
instrument="IBIS” ogid="rev175_GCDE_IBIS”

£

baseDir=".

creates an observation group, containing all
science windows listed in dolslist.txt, using the
IBIS data, in obs/rev1i75 GCDE_IBIS

now you do the analysis in
obs/rev175_GCDE_IBIS



The analysis directory

my_computer[Yolker]: cd ohs/revl?5_GCDE_IBIS
ddatasobs/revl7D_GCDE_IEBIS
my_computer[Volker]: ls

oz _1bhls.fits

SCh

swe_1dx_1bls.f1lts

my_computer[Volker]: ls scw/

Q17500020010
017500030010
017500040010
017500050010
017500080010
017500070010
Q1 7a000s0010
gi?ﬁﬂﬂﬂgﬂﬂiﬂ

001
001
001
001
001
001
001
001

017200100010
017500110010
017500120010
017500130010
017500140010
017500150010
017500160010
017500170010

001
001
001
001
001
001
001
001

017200120010
017500190010
017200200010
017200210010
017800220010
017500230010
Q17200240010
017200250010

001
001
001
001
001
001
001
001

Q17500260010
017500270010
017500280010
017500290010
017500300010
017500310010
Q17500320010
017500330010

001
001
001
001
001
001
001
001

Q175005340010
017500350010
017200360010
017200660010
017200670010
017300630010

the observation group (og_ibis.fits) points to
the science window group index
(swg_idx_ibis.fits), which points to the science
windows, which points....

001
001
001
001
001
001



FITS files

Flexible Imaging Transport System (FITS)
file consists of header and table and/or image
fv to look at fitsfiles

= fuw: Summary of ag_ihiz fitz in Mmet’darivsdntegralthigh_levelfohs/test! w3
File Edit Tools Help
Index Extension Type Dimension View
0 Primary Image 0 Header
1 GROUPING Bil"lﬂ.l"yII B cols X 1 rows Header Hist Plot Al Spalect

EITFIA = =i

e . HAXIS = 2/

b f' t 1 NAXIS] = 307 /

og 1bi1s.11ts AIS: 1

— BECOUNT = 0 s

GCOUNT = 1/

TFIELDS = B S

EXTHNANE = 'GROUPING' £

EXTVER = 1/

GEPHAME = 'GHRL-0BESG-GEE' /

TTYFEl = 'MEMEER XTENSION' £

TFOEM1 = 'B& ' £

TTYPEZ = 'MEMEER MAME' /

TFOEME = 'Z24 ' i

TTVYPE3 = 'MEMEER VERSION' £

TFORM3 = '1J ' i

THULL3 = 0/

TTYPE4 = 'MEMEER POSITION' £

TFORMd = '1J ' £

THULLY = 0 s

TTYPEL = 'MEMEER LOCATION' £

TFOFMS = 'Z56A : ;

TTYPEE = 'MEMBEER URI TYEE' /£

TFOEME = 'Z& ! £

EXTEEL = '4.9 ' £

BASETTFE= ‘DAL GROUE' £

¥ | Find |Case sensitive?

Tusfintegral/high_levelfobstast!

Ho

binary table extension

8-bit hytes

2-dimensional binary table

width of table in bytes

rumber of rows in table

size of special data area

one data group (required keyword)
rwmber of fields in each row

HOU contains a Grouvping Tsbhle

Grouping Tahle wers.
Growping Table name
lzhel for field 1

data format of field:

label for field 2

data format of field:

label for field 3

data format of field:

Column Hull ¥Walue
label for field 4

data format of field:

Column MHull ¥alue
label for field &

data format of field:

label for field &

data format of field:

IS0C release mumber

(this file)

BASCIT Character
ASCIT Character

4-byte INTEGER

d-byte INTEGER

BASCIT Character

ASCIT Character

Data Access Layer_base type

e e S




Help

fw: Binary Table of swy_id=_ibis fits[1] in fnet/dariu :5:.-"Ir_|t_39:_!;1 ralfhigh_level/o
File Edit Tools

Select
All

Invert
1 open scw /017500020010, 001 fswg_ibis. fits
2 Cpen scw/017500030010. 001 #swg_1ibis. fits
3 Cpen scw/017500040010. 001 #swg_1ibis. fits
4 open scw 017500050010, 001 fswg_ibis. fits
] open scw /017500060010, 001 fswg_1bis. fits
[ open scw /017500070010, 001 fswg_1bis. fits
K Cpen scw/017500030010. 001 #swg_1ibis. fits
i} Cpen scw/017500090010. 001 #swg_1bis. fits
9 Cpen scw/017500100010. 001 #swg_1ibis. fits
10 open scw /017500110010, 001 fswg_1bis. fits
11 open scw, /017500120010, 001 /swg_1bis. fits
12 Cpen scw/017500130010. 001 #swg_1ibis. fits
13 Cpen scw/017500140010. 001 #swg_1ibis. fits
14 Cpen scw/017500150010. 001 #swg_1ibis. fits
15 open scw /017500160010 001 fswg 1bis. fits
16 open scw /017500170010, 001 fswg_1bis. fits
17 open scw,/01T500180010. 001 /swg_1bis. fits
18 Cpen scw/017500190010. 001 #swg_1ibis. fits
19 Cpen scw/017500200010. 001 #swg_1ibis. fits
20 open scw 017500210010, 001 fswg_ibis. fits

Go to:

Edit cell:

FITS files

table in
swg_idx_ibis.fits



Why analysis scripts

_Analysis of data has many steps:
_channel/energy conversion (COR)

_add information of pointing direction (POIN)
_which times are usable (GTIl, DEAD)

_ data binning (which energy bands?) (BIN)
_known sources in the field of view (CAT)
_background determination (BKG)

_ different paths for imaging (IMA), spectral
(SPE), lightcurves (LCR)

_each step = one program, looping over
science windows

_combine all programs and loops in scripts



Analysis scripts

ibis_science_analysis
spi_science_analysis
jemx_science_analysis
omc_science_analysis

except for SPI: processing is done science
window per scw. Then images are combined in
mosaics, lightcurves, spectra extracted from
SCw results.



Additional tools

ftools for handling files, e.g. fv

XSPEC for model fit of data. XSPEC 11 works
better with output files.
XSPEC 12: new approach to fit the SPI data

alternative: export events files to use e.g. in
XCRONOS for timing analysis



Summary

_INTEGRAL data analysis is complex

_ observation groups help to have all data

_ problem: intelligent system knows which files
should be there

_processing: make list of SCWs, og_create
(Instrument), analysis script, XSPEC



